An analysis of the work performed by the various teams involved in shoreline cleanup operations has been applied to the design of an approach for the integration of data collected by the SCAT process with electronic maps produced by Geographical Information System (GIS) technology. This has led to the implementation of a PC-based system that incorporates a data base of SCAT information, a knowledge base on oil behavior and shoreline cleanup, and a GIS. The system provides support to data collection using the SCAT approach for field teams and to map-based data analysis for planners and managers.
INTRODUCTION
Recent studies have allowed us to refine and define better methods to provide electronic performance support for shoreline operations. SHORECLEAN, a PC based performance and decision support system dedicated to shoreline cleanup operations, was used during the "Iron Baron" spill, which occurred on July 10, 1995, when the vessel "Iron Baron" grounded in the port of Launceston, Tasmania, and released 107,700 gallons of fuel oil. This first field use of the software demonstrated the importance of providing proper tools to support data acquisition by survey teams. In particular, it showed some of the potential benefits associated with the use of computerized tools to support shoreline cleanup operations, which include: 1) the reduction of time spent in performing the more extrinsic tasks of shoreline planning, such as providing status reports, and compiling data.; 2) the augmentation of time spent in performing more intrinsic tasks, such as analyzing the situation and evaluating options; 3) the provision of passive support, through the embedded knowledge in the SCAT approach, allowing standardization of data collection, thus improving the decision process; and 4) the provision of active support that simplifies the production of recommendations on cleanup or treatment methods for each oiled segment. Active support is effected through a knowledge-based output on shoreline cleanup.
A preliminary study was carried out to assess the types of map representation that were best suited to the needs of the various tasks involved in shoreline operations (Lamarche, Rubec and Varanda, 1996) . This work clearly showed the importance of map representations to all the planning aspects of shoreline operations and to provide decision and communication support. Maps and sketches are used extensively to support the many tasks in the management and planning of cleanup operations. Guidelines have been produced for the development of databases dedicated to support the decision making process involved in shoreline operations, including some aspects of the spatial information needs (NOAA,1992; NOAA, 1993; U.S. EPA, 1994; Owens and Sergy, 1994).
Computerized Spatial Decision Support Systems (SDSS) are being developed to provide assistance with oil spill cleanup and remediation. The Florida Marine Spill Analysis System (FMSAS), for example, combines a variety of information (digital maps, imagery and tabular data) to implement an oil spill response strategy focused on resource protection (Friel et al., 1993 ; Florida Department of Environmental Protection, 1996). A similar system, the Graphical Resource Database (GRD), is being developed for the state of Alaska (O'Brien et al., 1995). Other GIS-based systems provide assistance for shoreline operations that include recommending shoreline treatment options. A data base which closely follows the SCAT approach, is being implemented in Atlantic Canada (Owens, LeBlanc and Percy, 1996) . Integrated systems also are being developed in Europe, such as the Swedish GIS system for impact assessment, recommendation of ecologically sound countermeasures and documentation of oil spills (Torling and Fejes, 1995) . Finally, some systems, such as ASA's OILMAP, focus on modeling oil trajectory and fate, for predictive purposes (Andersen et al., 1995).
These systems, however, do not concentrate on the spatial data and analysis needs specific to activities that are performed during shoreline cleanup operations. Shoreline operations usually constitute the last series of activities initiated in spill response. They often are also the longest and costliest part of the response operation. In order to standardize the decision process and ensure that appropriate data is made available for shoreline countermeasures planning, the Shoreline Cleanup Assessment Team (SCAT) process was developed during the "EXXON Valdez" spill operations (Owens and Teal, 1990 ). The SCAT process was adopted by Environment Canada and the National Oceanic and Atmospheric Administration (NOAA), and now is becoming the method recommended internationally to characterize conditions along oiled shoreline. This process serves as a basis to standardize data collection and greatly helps decision making during shoreline operations. However, the SCAT approach has the potential to generate a large amount of data, which can overwhelm decision makers and make difficult to identify patterns and trends at both the regional and local levels.
Building from experience, it was possible to construct an integrated system that provides optimal support for the knowledge and data-intensive tasks involved in shoreline response, ranging from data entry to the extraction and presentation of key summary information dedicated to the needs of planners and managers. This system combines Geographical Information System (GIS) technology with a SCAT database. Most of the design effort has been spent to 1) better understand the needs of the various players involved in shoreline operations and 2) provide tools that will present in a concise manner the key information necessary for the decision making process.
METHODOLOGY
A method derived from hierarchical task analysis (HTA) (Annett and Duncan, 1967 ) was used to document the tasks performed by the various teams involved in shoreline operations. This allowed the definition of the tools, such as specialized data acquisition screens, listings, and cartographic representations, best suited to each of the tasks and subtasks involved in shoreline operations.
An evaluation of the reports, lists, and cartographic representations which are the most useful for the various tasks involved in managing shoreline operations was also completed in the following ways. First, by analyzing reports on the use of the SHORECLEAN software system during actual spills and drills. This evaluation was generally carried-out by directly interviewing the user. Another evaluation concentrated specifically on the cartographic representation aspects of shoreline cleanup. A set of maps representing SCAT data was produced and presented to a variety of people involved in shoreline cleanup operations, including those who provide data and expertise to decision makers (such as personnel at the Florida Marine Research Institute), managers of shoreline operations (i.e. responders, such as CAL OSPR), and others involved in gathering SCAT data in the field. This enabled us to define the type of maps that were thought to be of most value to support decision making during shoreline operations. The results of these evaluations were used as a basis for the software design process. Figure 1 summarizes the tasks and subtasks involved in shoreline cleanup operations. This diagram clearly demonstrates that there are four main tasks involved in shoreline operations: 1) Collect SCAT data on the state of oiling, 2) Produce a shoreline cleanup plan, 3) Keep track of cleanup operations and 4) Monitor long-term changes in the state of the shoreline. The diagram shows that each of these higher level tasks can be further divided into a number of subtasks. Links between tasks and subtasks are described in the form of a "plan" indicating the subtasks necessary for the completion of the higher-level task, and the order (if any) in which they should be completed.
RESULTS

Figure 1 Summary of the HTA representation of the tasks and subtasks involved in shoreline operations.
Only two levels are shown.
General system design
The system was designed to provide appropriate support for each of the many tasks involved in shoreline operations as described above. One major consideration was to take into account the importance of team work, from data acquisition to planning, including communication. All tasks involving planning and communications make a widespread use of maps. For this reason, special modules were added to automate map production. In addition, with the data structure and data storage method that has been developed, a set of .dbf files can be accessed by multiple users through a network.
A summary of the system design is provided in Figure 2 . This system consists of two primary subsystems: 1) a shoreline segmentation module, dedicated to the development of a pre-segmentation database, and 2) a SCAT data management and evaluation module, used to manage SCAT information in the event of a spill. In each of these subsystems, spatial data, such as segment boundaries and location of subdivisions, are stored and managed using a GIS, such as MapInfo or ArcView. All other data, including segment characteristics and SCAT survey data, are stored and managed using a more traditional database approach. The SCAT management and evaluation module incorporates a knowledge-based system so that the SCAT data can be used to evaluate such things as oiling category, persistence, and remobilization potential. This knowledge base also may be used to recommend the most appropriate countermeasures.
Links between the database and the Geographical Information System allow the cartographic representation of all useful information. These links are made directly since all SCAT data are stored in .dbf file format readable by the GIS system. The key value of the entire system resides in the specialized modules that simplify data entry and the production of various key outputs, such as listings, SCAT data, and a set of pre-defined maps. This structure is further detailed in the following paragraphs, where the various system capabilities and functions are related to the tasks that they support.
Pre-spill segmentation module
Segmenting the shoreline is a fundamental process to planning. The pre-segmentation module allows the creation of one or many databases of shoreline segments. The minimum information needed for each segment in this database includes 1) length, 2) width, 3) the nature of the shoreline material, 4) the wave energy level observed at the site, and 5) the slope observed along the shoreline. This is basic information that is essential for the evaluation of SCAT data. More information also would be needed to take into account specific regional requirements, which can be of a political or environmental nature. This part of the system greatly benefits from adaptations to take into account regional needs. The pre-segmentation database is a powerful tool that can be used in the early phases of a spill.
SCAT module
The SCAT module is used to provide support for all the knowledge intensive tasks involved in shoreline cleanup operations. The general functions of this module include: 1) a facility to select segments from the pre-spill database and to incorporate them into the current spill database, 2) electronic versions of SCAT forms to simplify data entry, 3) a knowledge-base on shoreline cleanup to analyze and evaluate SCAT data, 4) a report generator that allows the production of user-tailored statistics and listings about the SCAT data, and 5) a specialized SCAT report generator that allows the production of outputs following SCAT formats. In addition, a series of independent modules allow the generation of a set of base shoreline cleanup maps.
The following sections provide more detail on these SCAT modules and relates them to the shoreline cleanup tasks and subtasks that they support.
SCAT data acquisition SCAT data are separated between surface subdivisions and subsurface subdivisions (pits or trenches). Support for data acquisition is given in many ways. First, a set of electronic SCAT forms allows data entry in a spreadsheet-like format (figure 3). Whenever possible, a list of pre-defined data entry categories is provided to the user in order to minimize keystrokes input and thus data acquisition mistakes. Second, by activating the knowledge-base inference engine, the system will detect any information necessary for SCAT evaluation and prompt the user for an entry, thus ensuring that all necessary information is acquired. Finally, SCAT data templates, which incorporate the pre-defined categories, can be printed in order to be completed by survey teams directly on the field. Figure 4 shows an example of a SCAT form printed with the report wizard facility, and gives a list of all segment, surface and subsurface data that can be entered in the system. Provision is made in the database to enter the exact longitude-latitude of each subdivision (surface or subsurface). This allows coordinates generated by Global Positioning System (GPS) to be entered directly in the database. 
Figure 5 Listing of all heavily oiled subdivisions
Development of a shoreline cleanup plan
Developing a cleanup plan involves the examination of all SCAT survey data. The following embedded function directly supports this knowledge-intensive activity. First, the embedded knowledge-base on shoreline cleanup allows the production of a set of SCAT evaluations, including oil cover, oiling category, persistence, and remobilization potential. Once these evaluations have been made, a report generator allows the production of listings that may be used to summarize the oiling conditions, and help prioritize cleanup work. An example of such a listing, developed from data generated during the "Iron Baron" spill, is given in Figure 5 .
It has been shown, however, that maps are the best way to provide support for planning, since they are extensively used both to analyze and communicate information. Table 1 provides a list that users questioned in the study consider to be the most valuable cartographic representations of shoreline data. The system has been configured to automatically generate this set of base maps. Through the use of the GIS interface, the user may, of course, produce additional maps as needed. Some examples of maps are provided in Figure 6 . These maps were generated from a subset of the "Iron Baron" SCAT survey data by linking data files generated by the SHORECLEAN software system to the MapInfo PC-based GIS package. Keeping track of cleanup operations.
Once cleanup operations are underway, it is necessary to keep track of the progress of cleanup crews. After cleanup is finished, surveys usually are conducted to evaluate the amount and character of any remaining oil. Again, the most informative and simple way to present this information is through the use of maps, such as that presented in Figure 7 .
Figure 7 Map showing the progress of cleanup teams.
Monitor long term changes in the state of the shoreline Once the initial cleanup operations are completed, an evaluation of the condition of the entire shoreline is appropriate to evaluate whether recovery occurred as planned, or if further countermeasures may be necessary. These activities often would involve re-surveying previously oiled segments, and might lead to the production of another cleanup plan. In addition to all the cartographic representations used during these tasks, maps showing the temporal evolution of many aspects of the oiling conditions might be needed, as shown in the example in Figure 8 . 
DISCUSSION
The ability to enter SCAT data directly into electronic SCAT forms, producing maps, and providing the potential to work in network environment are all key elements of the system presented here. The ability to show SCAT data and evaluations on maps through a link with a GIS also is a feature that is particularly valuable for the many planning tasks and substasks that are a part of the shoreline cleanup operations.
Some of the shoreline cleanup experts that were consulted identified the fact that pictures can be misleading, and special care thus has to be taken to properly present information on maps. A good example of this is the case of maps that are used to show estimated oil volumes from SCAT data. Correctly estimating oil volumes is very difficult; volumes often are grossly overestimated. In our example (Figure 6 ), we present oil volumes in a way that stresses the relative amounts of oil distributed along the contaminated shoreline. Our graphical representation deliberately makes it difficult to derive the exact volumes of oil estimated, but clearly shows where most of the oil is located along the shoreline.
One of the aims of the design of the system was to avoid problems associated with the use of the very large amount of detailed information produced by the SCAT approach. Task analysis demonstrated that SCAT survey data are used by different management components with differing needs. The complete dataset will rarely be used by any one group or team. Thus, part of the system design concentrated on simplifying the tasks of the data manager, including data entry to create the SCAT database. Modules were also developed to allow the extraction and presentation of key summary data that can be evaluated at a glance by planners and managers. In short, the system design focused on making the large data set produced by using the SCAT approach available to the decision team in a manageable form.
Use of maps during drills has demonstrated the importance of map representation for communication purposes, allowing the presentation of information in a timely manner and in the form most appropriate to the many decision makers involved in shoreline cleanup operations. Simplified map representations also can be produced to communicate information such as work progress to the layperson (general public, politicians, managers) involved in a spill.
Recently, more interest has been shown in management issues of operations after the oil has hit the shoreline (i.e. shoreline cleanup), as demonstrated by the fact that shoreline operations are now being addressed more frequently in drills.
In conclusion, using the SCAT approach to document the decision process involved in shoreline cleanup requires the capture and integration of a very large amount of information. There is a risk that this large amount of data will overwhelm the decision makers involved in the management of shoreline cleanup operations. The computerized system described here shows some solutions to these problems, by providing tools such as data entry forms, imbedded expertise, report generators and a set of maps adapted specifically to the needs of the various users of SCAT data. Table 1 List of the most useful summary maps to support planning and shoreline cleanup decisions.
